The industry trend to golf putting greens which produce greater ball-roll distances has led to development of high density creeping bentgrass (Agrostis palustris, Huds.) cultivars that tolerate very low mowing heights. These cultivars also have a finer leaf texture and improved competitiveness with the invasive weed, annual bluegrass (Poa annua L.). In this multi-year field study, newer cultivars showed superior quality, color, leaf texture, density and resistance to P. annua invasion than older cultivars; however, there were no significant differences among cultivars in ball roll distance (as determined by a Stimpmeter) or thatch/mat depth.
MATERIALS AND METHODS
The study took place at Crystal Springs Golf Course (CSGC) in Burlingame, located on California's Central Coast a few miles south of San Francisco. The 18 creeping bentgrasses were seeded in September, 1997 on a practice golf green, newly built according to United States Golf Association (USGA), 2-tier (no intermediate "choker" layer) golf green root zone construction specifications (USGA Green Section Staff, 1993) . The green and its surrounds were designed specifically for this research project by the Robert Trent Jones Jr. Golf Architects Group of Palo Alto, California. All cultivars (Table  1) , supplied by the National Turfgrass Evaluation Program (NTEP), were planted at the rate of 53 kg ha -1 in a randomized complete block design, on 3 m by 1.5 m plots with three replications. Plots were hand seeded and were lightly raked into the surface of the root zone mix. A complete fertilizer, providing 48 kg ha -1 nitrogen (N), 96 kg ha -1 phosphorous (P) and 96 kg ha -1 potassium (K) was applied at planting. The area of the green outside the research plots was seeded at the same time with 'Cobra' creeping bentgrass. The entire green was irrigated immediately after planting. The green was maintained for 6 months until grasses were well established, then opened for use by golfers in spring, 1998 as a practice putting green. To prevent contamination and preserve plot integrity, target flags (stick pins) were used on this practice green instead of cups. Target flags were regularly and often moved around to distribute traffic as evenly as possible. The green has been open for play continuously since then. The use of soft-spike golf shoes was encouraged on this green. During the term of this study (1998) (1999) (2000) (2001) (2002) (2003) plots were mowed five times weekly at 4 mm, with a walk-behind mower. No rollers or groomers were used. Spiking and 6.5 mm diameter hollow-tine aeration were performed several times per year. No verticutting was done, but plots were occasionally top-dressed with sand. Both inorganic and organic fertilizers provided a combined average rate of 300 kg ha -1 y -1 N, 100 kg ha -1 y -1 P, and 150 kg ha -1 y -1 K. Fungicides and broadleaf herbicides were applied only when necessary. No insecticides or other pesticides were ever applied to the test site.
Data collection began in January, 1998. Each plot was rated visually monthly for overall quality on a scale of 1-9 (9=best). Color and leaf texture were rated visually on a scale of 1-9 (9=darkest green or finest leaf texture) once a year in October, when environmental stress was lowest and the full genetic color of any cultivar was most likely to be expressed. Turf density was usually rated visually twice per year on a scale of 1-9 (9=the most dense stand). Also, two times per year, ball roll distance readings were taken using a Stimpmeter modified for use on small research plots (Gaussion et al., 1995; Radko, 1980) . Plots were mowed at 4 mm just prior to data collection. Three golf balls were rolled in the same direction, then rolled back at 180 degrees to be able to discount slope. Final readings are the average of the six measurements.
In December 2000 and 2001, and again in August 2003, all plots were visually evaluated for P. annua invasion (Table 2) , and visual percent coverage was recorded.
In August 2003, non-compressed thatch/mat thickness was measured to assess thatch development tendencies of the 18 cultivars after six years of growth. A standard 10-cm diameter golf green cup cutter was used to take three random samples from each plot. On each sample, thickness of the thatch was defined as the distance from the original seedbed to the base of green tissue. Using a ruler, measurements were made at two opposite points on each core and the average of the six measurements was recorded. On the day of thatch measurement, stand density for each plot was also rated. This trait was rated visually on a scale of 1-9, with 9 representing the densest turf stand (Table 3) .
All data was analyzed using the analysis of variance (ANOVA) procedure as provided by Statistical Analysis System (SAS Institute, 1999). Mean separation was performed using Waller-Duncan k -ratio, t test at a 95% confidence level (Steel and Torrie, 1980) if the ANOVA F test indicated that source effects were significant.
RESULTS AND DISCUSSION
Tables 1, 2 and 3 summarize data for all parameters evaluated in this study. Over the 4 year period, the top performing cultivars, (average quality ratings statistically non significant) were: 'L-93' with a quality rating of 7.6 'Penn A-4' (7.5), 'Penn G-6' (7.4), 'Penn A-1' (7.3), 'Grand Prix' (7.2), 'Imperial' (7.2), 'Penn G-1' (7.2), and 'SR 1119' (7.2). For the four year period, 'Penncross,' the standard cultivar, received the lowest rating (6.0), significantly lower than other cultivars (Table 1) . Combined data for the 4 year evaluation period indicated a statistically different genetic color only between 'Penncross' (5.8), and 'L-93' (7.8). Color-wise, all other cultivars were statistically similar (Table 1) .
With a rating of 6.3, 'Penncross' exhibited a statistically significant coarser texture than all other cultivars. Also, 'Putter', with a texture rating of 7.3 was statistically different than 'Backspin' (8.0) and 'Century' (8.0), but the rest of the cultivars did not differ in texture.
Statistically, all cultivars had similar density ratings in spring (ratings ranged from 7.0 to 8.7 on a scale of 1-9) with the exception of 'Putter', which had a significantly lower density rating (6.3). In fall, 'Penncross' (with a rating of 6.5) was less dense than the other cultivars, whose ratings ranged from 7.2 to 8.7 (Table 1) .
No statistical differences appeared among the 18 cultivars in Stimpmeter readings (Table 1 ). This was true for both spring and fall readings, indicating that all these cultivars should provide similar ball roll distance, regardless of quality, density or texture variations.
Plots were visually rated in December, 2000 December, , 2001 and August 2003 for P. annua invasion. Although plots were not overseeded with P. annua, the heavy infestation on surrounds at the onset of the study made it highly probable that P. annua seed would eventually find its way into the plots: Author's observations are that newly seeded bentgrass greens in the San Francisco Bay area often transition to a stand of more than 50% P. annua within a few years of planting. By December 2000 the highest P. annua invasion (in 'SR1119' and 'Trueline') was only 3.3% and by December 2001, the highest P. annua invasion (in 'Cato') was only 7.3 percent; by August, 2003, the greatest invasion was 30% ('Viper'). P. annua presence varied from 1.0% to 3.3% in 2000; from 3.3% to 6.7% in 2001; and from 6.7% to 30% in 2003, across all cultivars (Table 2) (Table 2) .
Statistically, there were no significant differences in P. annua invasion among cultivars in 2000 and 2001. However, by 2003, significant differences in P. annua coverage developed. With 30.3% P. annua, 'Viper' had a significantly higher P. annua invasion than 'L-93' (8.3 %), 'Penn A-4' (8.3 %), 'Penn G-6' (10.0 %), 'Penn A-1' (8.3 %), 'Grand Prize' (10.0 %), 'Imperial' (11.7 %), 'Blackspin' (6.7 %) and 'Century' (11.7 %).
To determine thatch/mat development tendencies of the 18 bentgrasses, noncompressed thatch thickness was measured in August, 2003, 6 years after seeding. Thatch/mat thickness varied from 26.0 mm to 32.3 mm, with no statistically significant difference among cultivars (Table 3) .
This six-year field study revealed a significant increase in overall quality, color, and leaf texture in modern, newly-marketed bentgrass cultivars. Some of the newer cultivars also demonstrated greater resistance to P. annua invasion than 'Penncross' six years after planting. Maintained under similar climates, use, and maintenance regimens, however, no statistically significant differences occurred among cultivars in ball roll distance (Stimpmeter readings) or thatch/mat development.
Considering overall visual quality, density, resistance to P. annua invasion, and normal thatch development, this study suggests that under climatic conditions similar to California's Central Coast, most of the recently available bentgrass cultivars should prove aesthetically pleasing, and provide enhanced putting surface with reduced need for P. annua suppression. 
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